possibility of the second shock wave overtaking the front wave, leading to a sudden intensification and perhaps an acceleration of the front wave. The resolution of such problems as these will be a test of the efficacy and the adaptability of the present methods.
I should like in conclusion to record my sincere thanks to Professor G. I. Taylor for much valuable advice and for the continual and sympa thetic encouragement which I have received from him while carrying on this work. M easurem ents have been m ade b y th e authors of th e H p of eleven /?-rays of radium B an d of one of radium C. The values are based on eleven p h o to graphs of th e spectra tak en w ith a spectrograph of th e ty p e used by Ellis, an d te n photographs w ith a spectrograph of th e ty p e introduced by Scott, th e field strengths used ranging from 190 to 1050 G. The values obtained agree closely w ith those of R ogers for th e lines m easured by h im ; R ogers's values being 1931*7, 1671*3 an d 1406*2 G-cm., and our values 1931*9, 1671*6 and 1406*2 G-cm. These values are considered correct to 1 p a rt in 104.
The energies corresponding to th e H p values have been calculated using weighted m ean values of e/m an d c given respectively by B earden and von Friesen. The error in 'th e energies is approxim ately 1 p a rt in 103.
M easurem ent of th e H p of th e sam e line for a num ber of widely differing values of H was a valuable check on th e presence of system atic errors which h ad n o t been m ade b y previous w orkers. A n appreciable ap p aren t increase of H p w ith H was found, a n d a com parison o f th e calculated and observed line forms showed th a t th is a p p a re n t increase was to be a ttrib u te d to scattering of electrons in th e emulsion. This effect appears to be one of th e m ost im p o rtan t now lim iting th e accuracy obtainable b y th e present m ethod.
I n t r o d u c t io n
Measurement of the lines in the /?-ray spectrum of an atom affords a method of determining accurately the energies of its y-rays. These energies are equal to the differences between energy levels of the nucleus, and a knowledge of the y-ray energies together with certain other evidence has allowed the determination of levels in a number of nuclei (Ellis 1934a; Surugue 1937; Gamow 1936) . When the atom results from a disintegration in which groups of short range a-particles are ejected, or disintegrates with the ejection of groups of long range a-particles, nuclear levels can be determined by measuring the energies of these a-particle groups (Gamow 1936) . For such atoms measurements of the groups of /^-particles corre sponding to transitions between nuclear levels are a valuable check on the accuracy of the a-ray measurements.
A number of attem pts have been made to measure accurately the absolute energies of /^-particle groups, but unfortunately the results obtained have been inconsistent. Owing to the ease with which strong sources of radium (B + C) can be prepared, most absolute measurements have been of the energies of the intense groups of these bodies-the energies of groups from most other bodies being determined by relative measure ments. The first precise absolute measurements were made by Ellis and Skinner (1924) working on the strong groups of radium B. I t was con sidered th at the Hp values (these are proportional to the velocities and are precisely defined in § 2) were accurate to better than 20 in 104; the value obtained for the most intense line being 1938 G-cm. The values obtained were used for some years as standards for determining the absolute energies of other groups. In 1934 Ellis made fresh measurements of the groups from radium (B + C) using new apparatus. The errors in these results for Hp were considered to be less than 10 in 104. The values obtained in 1934 differed from the earlier values by 50 in 104-the value for the strongest line being 1925 -5 G-cm. In 1934 Scott also published measurements of the Hp of the strongest line of radium B. The value of 1931-8 G-cm. was obtained, and this was considered accurate to 1 in 104. I t will be observed that Scott's value lies almost midway between Ellis's two results, differing from each by about 30 in 104. Rogers (1936 Rogers ( , 1937 checked and substantially confirmed Scott's measurements, and measured the of the two lines next in intensity also. He considered, however, th a t the order of accuracy was only 3 in 104.
This communication presents measurements of the s of 11 lines from radium B, and of the line of lowest energy from radium C. Field measure ments were made by the method developed by Briggs and H arper (1936) , and used by Briggs for a-particle measurements (1936) . Measurements of p were made using a spectrograph of the type used by Ellis, and also using the type introduced by Scott. To assist in the detection of systematic errors the H p' s of the same lines were measured with a number of diffe fields ranging in strength from 270 to 1000 G. An approximately constant positive error in p was revealed, and a comparison of the observed and calculated line forms indicated th a t this error was caused by scattering of the electrons in the emulsion. The probable error in the values obtained for the Hp of seven of the lines, including the line from radium C, is con sidered to be not more than 1 in 104, and for the other lines not more than 3 in 104. Our values agree very closely with those of Rogers for the lines he measured.
2. The /?-ray spectrograph 2*1.
Principle of operation
The /?-ray spectrographs were similar in principle to th a t introduced by Danysz (1913) and developed by Rutherford and Robinson (1913) , in which a beam of /^-radiation is focused to form a velocity spectrum on a photographic plate by a magnetic field which is perpendicular to the beam.
The velocity of a group is given by
where H = strength of the magnetic field (assumed uniform) in gauss, p = radius of curvature (in cm.) of those particles of the group moving at right angles to the field, m0 = rest mass of an electron, e = charge of an electron, c = velocity of light.
Measurement of H and p, and knowledge of the values of e/m0 and c there fore allows the determination of v. The energy is given by
Two designs of spectrograph were used, the first, spectrograph A, being of the same general form as th at of Rutherford and Robinson but with some modifications, and the other, spectrograph B, being similar to th a t introduced by Scott. Spectrograph A was used in obtaining most of the results in this paper. W ith spectrograph B an investigation was made of possible causes of the differences between the results of Scott and Rogers and those of other workers.
The fields used in this work were obtained from the permanent magnet described by Briggs (1932) . The pole faces were 30 by 30 cm. and the air gap 4 cm. The field was produced by cobalt steel bar magnets, and the strength and uniformity were varied by adjustment of the number and position of these magnets and of the inclination of the pole pieces. Fields of from 190 to 1000 G were used. The vacuum box between the poles was of aluminium. 2*2. Spectrograph A Spectrograph A is shown in figure 1 . The source of radiation is a t S, and the beam is defined by an aluminium * ray ' slit R, which is screwed against the ground surface of the upper aluminium block M. A slot L L allows the /?-rays to pass through to the photographic plate which fits into the slit P P and is pressed against the same ground surface by means of small blocks W. In this way it was assured that the slit and emulsion were in the same plane. The position of the plate relative to the rest of the apparatus was defined by means of two fine slits A, B, each 0-03 mm. wide, which produced templet lines K 1} K z on the plate when illuminated from above with a pea lamp. I t was a simple matter to make measurements to the edges of the slits with a travelling microscope when the dimensions of the apparatus were being determined. The templet lines obtained on the photographic plates were always sharp and symmetrical and revealed a well-marked peak when microphotometered.
The source used was a flattened platinum wire which fitted in a channel behind a pair of aluminium jaws. The jaws had a separation of 0*090 mm., and were pinned to an aluminium block J. This block was positioned on the main holder by two brass pins and could be simply removed for insertion of sources. The greatest possible lateral movement of the block on the pins was 0*008 mm. and the probable error in positioning was ± 0*001 mm., introducing an error of not more than 1*6 parts in 105 in the least radius of curvature which can be measured with this apparatus ( = 3*5 cm.).
By using for the source a slit and flat wire, rather than the usual wire or fibre, several advantages resulted.
(а) Errors due to source contamination are considerably less than for a cylindrical source, since with a cylindrical source th at portion of the /?-ray lines used for determining the velocity of the /?-rays, viz. the fronts, is formed by particles leaving the source almost tangentially, and is thus markedly affected by any contamination present.
(б) The precision with which the effective source, i.e. the source slit, can be positioned, is considerably greater than th a t with most fibre or wire sources.
(c) Measurement of the widths of individual sources is not necessary.
(d) Since the position of the source and its effective width is in all cases the same, several successive sources may be used for the one photographic plate. This was of value when only weak radon sources were available. The procedure constituted a delicate check on the accuracy of positioning the source block and main plate-holder in the magnetic field, and on the con stancy of the latter. Irregularities in the microphotometered lines of the /?-ray spectra could in no cases be ascribed to any of the possible causes mentioned, though the use of two sources for one plate was common and in some cases three, or even four were used.
(e) Trouble with sag and lack of linearity of sources was eliminated. The active deposits of Ra (A + B + C) were collected on the source wires by exposing these to radon a t atmospheric pressure through a mercury seal. The radon sources were usually about 100 millicuries and the y-ray activity of the active deposit was equivalent to th a t of about 10 mg. Radium in equilibrium with its products when first removed from the radon. The wires were left in the radon for about 30 min., then washed in alcohol and heated in a small vacuum furnace before mounting. Longer exposures to the radon would sometimes result in mercury adhering to the source wire. Contamination on the source has been estimated to have reduced the velocities of the main /?-ray groups from Ra B by not more than 6 parts in 10s and probably by considerably less. and produce spectra on the photographic plates. The plates were developed and the distances between the lines measured while the plates were attached to the holder, the lines on one plate being viewed directly, and the lines on the other plate viewed through the glass. The source was a quartz fibre which was held by a trace of vaseline in a V-cut in the source-holder, figure 2. The diameter of the source was measured with a micrometer screw gauge. As the diameter was only 0*1-0*2 mm., the error thus intro duced into the measurement of p i s not more than This spectrograph has the important advantage of eliminating the necessity of measuring certain of the plate-holder dimensions as must be done when the conventional type of plate-holder is used. The plate-holder has the disadvantage, however, th at the ray slits L x and L 2 must be broad if they are to pass /7-particle groups which differ considerably in velocity.
2-4. Pumping system
The aluminium box, in which the plate-and source-holder was suspended by rigid rods, was sealed by a ground-glass plate and the whole exhausted by a Gaede mercury-vapour diffusion pump backed by a Cenco rotary oil pump. With this system an X-ray vacuum could be obtained in about 7 min. I t can readily be shown th at with a residual air pressure of 0-05 mm. Hg, the decrease in the velocity of /?-particles would amount to only about 1-4 parts in 105 and scatter would be correspondingly small. Since the average pressure was always much less than this, this form of error may be neglected.
2-5. Plates and development
Several types of photographic plate were tried. Ilford X-ray plates were used for most of the work as they gave good contrast, and with them the Eberhard Effect was not troublesome. Strips about an inch wide were cut from half plates. The development of plates taken with spectrograph A was performed in a test-tube in two-thirds normal strength developer at 14° C and usually took about 20 min., the plate and developer being constantly agitated until development was complete. These methods were adopted to provide uniform development. Errors due to movements of the emulsion on the plates were negligible as these were dried uniformly by a special fan, and there was a margin of at least one-quarter of an inch between the edges of the spectra and the plates.
The Eberhard Effect (Eberhard 1912), i.e. the retardation of the development of the edges of lines on photographic plates, decreases with agitation of the developer, and with lengthening of the period of develop ment. Plates made with spectrograph B had their developmental condi tions varied in order to determine the conditions under which the effect caused an appreciable error in p. I t was established th at the error was negligible under the conditions used by Scott, viz. ordinary Kodak plates developed for 4-5 min. in full strength developer, but th at, if the develop ment time was appreciably shorter than this and agitation omitted, the frontal point of the edge of a /?-ray line could be set back 0*0025 cm. which corresponds to an error of 1 in 103 for a line of Hp equal to 1400 G-cm. measured when the field strength is 1000 G.
3. Measurement of ^-particle radius of curvature
The major measurements required for the determination of p are: for spectrograph A-the distance between the outer edge of the line made by the /?-rays on the photographic plate to the templet lines K x and X 2 (figure 1) and the position of these relative to the source; for spectrograph B-from the outer edge of the /5-ray line on one photographic plate to the outer edge of the corresponding line on the other plate. In addition to these the effective source widths must be determined. Distances on the photo graphic plates were measured with a microphotometer, and the dimensions of spectrograph A with a travelling microscope, the same screw being used for both measurements. slits used to produce templet lines on the photographic plates, P is one end of a doubly pointed cylindrical steel rod which is pressed into the V of the jaws of the source slit, and R is the foot of the perpendicular from P to the line A B . The rod was used because it was undesirable to make the source slit the full width of the spectrograph, and the ends of the rod provided good reference points. The distance P S from the rod point to the centre of the source was obtained from measurements of P N and N S (figure 36). As it is actually the distance from the front edge of the source to the front of the /?-ray line ( X) which is required, the width of the source slit had al be measured.
The probable errors in the distances A B , B A , R S and the source slit width £ have been estimated from the consistency between values obtained from different sets of measurements. The magnitudes of these distances and their probable errors a re :
A B1 2-9521 ± 0-0002 cm.
B A
4-4743 ± 0-0005 cm.
R S
1-2350 ± 0-0005 cm. £ 0-0090 ± 0-0003 cm.
The radius of curvature p of the /5-particles produc calculated from the microphotometrically determined distance B X (or AX), and the distances R B (or RA).
The errors in measurement of the dimensions of the spectrograph con tribute an error of 1 in 104 to the estimate of the least p.
3-2. Microphotom
For the microphotometric work an image of a small central portion of the plate was thrown on to a screen in which there was a fine slit parallel to the edges of the /?-ray lines. The light entering this slit fell upon a photo electric cell connected in series with another cell on which fell light of steady but adjustable intensity. The potential of the common point of these cells, which was measured with a Wilson double-tilted electroscope, was substantially linearly proportional to the density of the portion of the plate whose image was over the slit. The magnification of the lens system was about eight times so that, since the /?-ray lines were 0-2-0-4 mm. wide, the intensity was substantially uniform over the slit when this was less than 0-1 mm. wide. When the width was made greater than this, in order to improve the sensitivity, a correction was applied.
Curves I I I in figures 4 a and 46 are the microphotometer cu /5-ray lines in spectrographs A and B respectively. The line has a fairly definite peak and the 'fro n t' is substantially straight throughout the greater part of its length. Point F, where this line meets the average background level, will be referred to as the frontal point.
3*3. fi-Ray line forms
Calculations of the intensity variation in the beam of electrons incident on the photographic plate have been made for our spectrographs using the methods of Wooster (1927) . Differences between the theoretical and experimental curves are to be attributed mainly to (1) the effects of gas present in the initial stages of pumping, (2) non-linearity of photographic response to electronic exposure and (3) scatter of electrons in the emulsion.
(a) In figures 4 a and 46 curves I represent the calculated variations of the incident beams in spectrographs A and B respectively, uncorrected for the effects mentioned. The curve I for spectrograph A differs somewhat from th at given by Wooster (1927) and Li (1937) . This is due mainly to the narrowness of the ray slit used (R in figure 1 ).
Curves II represent the variation when effect (1) is taken into account. Curves IV are obtained by correcting the microphotometer curves II I for the response of the plate. This correction is based on the empirical relationship between the photographic density and the factors determining it (including, of course, the exposure) obtained by Ellis and Wooster (1927) for Ilford X-ray plates. In the plates used the difference between the density of the background and the peak of the lines was usually between 0*5 and 1*5 for the three strong lines of radium B. The resulting correction corresponds to an inwards shift of 0*001 + 0*0005 cm. in the position of the frontal points.
There is little quantitative data on the scattering of high energy electrons in photographic emulsions. Ellis and Wooster (1927) mention th a t a line which should have been infinitely fine was in fact 0*2 mm. wide. This statement together with a comparison of our own microphotometer and theoretical curves has led us to estimate the photographic effect of the scattered electrons to be appreciable up to about 0*1 mm. Using this estimate, and assuming an exponential decrease of the photographic action with distance, we have prepared from curves IV, the photometer curves corrected for the response of the plate, curves V to represent the incident electron distribution. The curves thus obtained agree closely in form with the theoretical curves II which have therefore been set in the position in which curves V are obtained when the above corrections are applied to the initial photometer curves III. The corresponding movement in the frontal point amounts to 0*002 + 0*001 cm.
This correction for scattering has been evaluated by a method which relied partly on trial. An exact but more arduous method, using a Fourier integral representation of the microphotometer curve, has been developed for us by Dr W. G. Baker, but more exact information is required about the effect of the scattering of electrons in photographic emulsions before this method can usefully be applied.
The advancement of the frontal points causes a linear increase with H of the apparent H p' s estimated from the uncorrected frontal microphotometer curves, and the advancement calculated from this increase agrees with the advancement 0*003 + 0*0015 cm. for response and scattering arrived at from a consideration of line forms. Instead of making a separate estimate of the advancement of the frontal point of each line by measuring its density and comparing its photometer curve with the calculated line form, the mean correction to the frontal points of the lines produced by each /?-ray group was obtained from the apparent increase of Hp with H for these lines. For lines measured with only one field strength the mean of corrections found for other similar lines was used.
3-4. Order of accuracy of p
Several errors, most of which have already been discussed in the relevant sections, must be combined in estimating the probable error of p for each spectrograph. The main sources of these are:
(а) the determinations of the frontal points of spectral lines (3*3).
(б) movements of the photographic emulsion (2*5).
(c) thermal expansion of the components of the spectrographs, photo graphic plates and microphotometer screw.
(d) non-uniformity in the pitch of the measuring screw (4).
(e) measurement of the source width (2*3, 3-1).
(/) movements of the source block of spectrograph A relative to the other parts of this spectrograph (2*2).
(g) the determination of dimensions of spectrograph A (3-1).
Of the above sources of error, all but (/) and (g) occur with both spectro graphs.
An analysis has shown th a t the probable error introduced into the values of Hp by thermal effects (c), including those on the glass frame used for measurements of the magnetic fields (4-1), does not exceed 5 parts in 105 with the maximum temperature variation.
For spectrograph A, table 1 sets out the resultant order of accuracy for frontal point errors of 0-0005, 0-0010 and 0-0020 cm., the magnitude of the other errors entering into the calculation being as specified in the relevant sections. This has been done for the maximum and minimum p 's obtainable on this apparatus. Since errors (6), (c) and (d) listed above are negligible, the accuracy of p for spectrograph B will depend only on the errors in the determination of the source width and frontal points. These errors vary slightly from plate to plate, but the error in the diameter of the source is usually about 0-0002 cm. and the error in the position of the frontal point about 0-0015 cm. The average order of accuracy of p as determined with spectrograph B is therefore as follows. The method used for determining the magnetic field has been described by Briggs and Harper (1936) and is similar in principal to the Cotton electromagnetic balance (Cotton 1900) and to the method used by Scott (1934) . A flat rectangular coil was hung from one arm of a balance with its plane parallel to the pole faces and measurements made of the force acting on the coil due to the passage of a current i in it. The force mg is equal to Hint, where n is the number of turns of the coil and l is the mean horizontal distance between the wires of the coil, the distances being weighted in proportion to the rate of change of the horizontal component of the field H. By taking the change in force when approximately equal currents are passed through the coil successively in opposite directions, many sources of error are eliminated. The method measures the component of the field perpendicular to the pole faces, and this is the component producing the measured deflexion of the /?-par tides.
The assemblage of frame and balance was mounted on a platform which could be lowered so th a t the bottom of the frame was in the part of the field traversed by the /?-rays, or raised well above the magnets.
Two coil assemblies were used, one was a well-seasoned cedar frame 18 by 75 cm. of lathes 0-3 cm. thick carrying 35 turns of copper wire, and the other consisted of a glass frame 18 by 85 cm., with 10 turns of wire. This latter was used by for the measurements of the absolute velocity of /^-particles for radium C \ W ith the former the weight necessary to balance the change in force on the frame when a current of approxi mately 1A was reversed in it was 11-6 g. weight for a field of 125 G, the least field used with the wooden frame. W ith the glass frame the least field was 190 G, and this corresponded to a change in weight of 6*2 g. The fields for plates 3-12 inclusive (table 4) were measured using the wooden frame, and those for the other plates using the glass frame. The distances between the wires of the frames were measured by a travelling microscope. The screw of this instrument, described by , was the same as th at used for the microphotometry of the /?-ray spectral lines, and for measurements on spectrograph A. By using the same screw for all measure ments a knowledge of the absolute pitch of the thread is unnecessary. Lack of uniformity of this pitch was not sufficient to introduce errors of im portance. where H = m agnetic field l = w eighted m ean horizontal distance betw een th e wires of th e coil i =b current through th e coil e = e.m.f. of stan d ard cell mg = weight required to counterbalance force H il on the coil R $ = stan d ard 1 ohm resistance R 1 = reading of potentiom eter when balanced against R si R 2 sb reading of potentiom eter when balanced against e
Systematic errors
L E rro r in th e determ ination of l .
. . . 1-5 in 104 The square root of th e sum of th e squares gives th e probable observational error as 1-0 in 104 for m easurem ents w ith th e glass fram e, and 1*8 in 104 for m easurem ents w ith the wooden frame.
Hence to ta l probable error is 1*1 in 104 for determ inations w ith the glass frame, and 1*9 in 104 for determ inations w ith th e wooden fram e.
In order to determine the absolute field intensity at any chosen point, it is necessary to know the residual field at the geometric centre of the top of the frame and to explore the field between the poles. At 60 cm. above the pole pieces the component of the residual field perpendicular to the plane of the frame is 0-4 G with a field of 125 G, and this could be deter mined to an accuracy of 5 in 104, introducing an error in H of only 2 parts in 105. To allow for inhomogeneities of the field between the poles Vol. 178. Aboth in their effect on the /?-par tides (Hartree 1923) and on the frame measurements, a coil of 11,000 sq. cm. turns was used, giving a sensitivity of 0*17 G per cm. deflexion of the galvanometer. The field variations were usually regular and were plotted for an area of 10 by 20 cm. In accuracies in the field search and small uncertainties in the positions of the frame and of the spectrograph yield altogether a maximum probable error of 1 in 104.
The values of the standard cells and resistances have been measured and re-checked a t the National Physical Laboratory and are believed to be known to within 1 in 105 in terms of the N.P.L. Standards. One N.P.L. international ampere has been taken as 0-99986 absolute ampere and an error of 3 in 10s was allowed for the conversion of international to absolute amperes. Any irregularities in the Wolff potentiometer introduced neg ligible error. The masses used had been calibrated against N.P.L. standards and the error introduced by them was not greater than 2 in 105.
The errors in determining the field are set out in table 3. Owing to some doubt about the interpretation of one set of divergent readings for l for the wooden frame the possibility of a slight variation of the position of the wires of this frame with temperature and humidity has been allowed for by inserting an error of 1-5 in 104 in the observational errors with this frame. The total errors in H thus derived are 1*1 in 104 for determinations made using the glass frame and 1-9 in 104 for determinations with the wooden frame.
R esults
In table 4 are measurements of Hp made wi lines of Hp value equal to and greater than 1406 G-cm. The letters used to designate the lines are those introduced by Ellis (1932) .
Only measurements on one plate of lines of Hp less than 1406 G-cm. are presented. These are given in table 5. In this table are given also the weighted means of the various measurements of each Hp of table 4, the means being obtained by weighting each measurement inversely as the square of its theoretical probable error.
The probable observational error to be expected in each weighted mean because of the differences between the various measurements was calcu lated using the formula (Bond 1935, p. 83) e = r / (V^i)2+... + K /rw)2 where rn is the theoretically estimated error in the Hp value which differs from the weighted mean by an amount vn, and cn is Jeffreys's constant, which is a function of n, decreasing from unity to 0*645 as n increases from unity to infinity. The errors calculated in this way are given in the second column of table 5. In the third column of table 5 are the systematic errors to be expected in the weighted means because of the systematic errors in H and p.
In the last column are the total probable errors obtained as the square roots of the sums of the squares of the observational and systematic errors. They are in good accord with those to be expected from the previously estimated errors in H and p (3*4 and table 3). I t should be repeated here, however, th a t the determinations of Hand of the error considerable extent upon the interpretation of microphotometer curves and th a t further work on scattering is desirable. Table 6 gives the energies corresponding to the Hp values in table 5. The calculations are made by means of equation (2), using for e/m the value 1*7591 + 0*0008 x 107 e.m.u. recommended by Bearden (1939) , and for c the value 2*9978 +0*0002 x 1010 cm. sec.-1 recommended by von Friesen (1937) . In the last column of this table are the probable errors computed as the square root of the sum of the squares of the probable errors in e/m0, c2, and the quantity jl + j - * The /?-rays shown here as being associated w ith th e disintegration of radium B are usually referred to as th e /?-rays of radium B, b u t actually th ey are em itted b y th e following body. The term /?-rays of radium C or other body has a sim ilar m eaning.
Precise measurements of the energies of fi-rays
To say th a t these rays are em itted by th e excited nucleus of radium C is m isleading.
Comparison with results of other workers
Other measurements of the Hp values of /?-ray lines with which the results given in table 5 are to be compared are those of Ellis and Skinner (1924) , Ellis (19346) and of Scott and Rogers (1934 . Values obtained by these workers for the three lines measured by Rogers are given in table 7, together with those obtained by the authors. The numbers in the bottom row of this table are the errors given by the workers for their results. Rogers's method of estimating errors, however, leads to a quantity larger than the probable error, so th a t the figure of 3 in 104 is not directly comparable with the others. The figure of 10 in 104 for Ellis's 1934 results is deduced from his statement th at the energy values are correct to better than 1/500.
Scott and Rogers measured the distance 4p between the edges of corre sponding /?-ray lines on either plate of their spectrograph with a travelling microscope; but we have found this measurement of the distance to be always less than th at obtained with a microphotometer incorporating the same measuring screw as the microscope. Consistent results with the microscope method were obtained by a number of skilled observers and from experiments on a number of different /?-ray lines it was found th at the cross-hair of the microscope was set in from the edge of the line about a quarter of the distance from the frontal point of the line to its peak. This latter distance is about 0-2 mm. An effect such as this is to be expected from the known systematic errors usual in setting on an asymmetrical object of this type. Under our experimental conditions, the error made in setting the microscope almost exactly counterbalanced the advancement of the front caused by scattering of the electrons in the emulsion. This may indicate th at the closeness of agreement between our results and those of Scott and Rogers is to a certain extent fortuitous.
We are indebted to the Cancer Research Department, University of Sydney, for radon supplies. We take pleasure in thanking Dr G. H. Briggs, then Assistant Professor of Physics, University of Sydney, for suggesting the work here described, and for much valuable assistance and advice throughout the investigation.
